Abstract α-Aryl malonate and α-aryl cyano acetate moieties are found in the structures of many bioactive compounds. They are also key intermediates for the synthesis of many compounds such as isoflavonoids. In this work, we synthesized these compounds, with different patterns of substitution, starting with the palladium-catalyzed reaction of o-alkoxybromoarenes with dimethyl malonate or ethyl cyanoacetate. Under the conditions applied, moderate to good yields of arylmalonate monoesters, phenylacetic esters or acids, and benzylnitrile derivatives were obtained.
α-Aryl malonates are found as substructures in bioactive compounds such as isoquinoline-1,3-dione, an HIV-1 integrase inhibitor, 1 and in barbiturates such as alphenal. 2 They can also be used as intermediates for the synthesis of 3-hydroxy-2-phenylpropanoic acid derivatives, through the reduction of one carboxylate group, to obtain tropic acid derivatives such as the tropane alkaloid scopolamine, an antiemetic drug. 3 The decarboxylation reaction of α-aryl dicarbonyl compounds leads to α-phenylacetic acids, which are found for example in the structure of ibuprofen (antiinflammatory activity), 4 in UPF523 (active in the CNS), 5 and in JSTX-3 (a neurotoxin found in spider venom). 6 They have also been used in the total synthesis of isoflavonoids such as cajanol and daidzein. 7 Phenylacetonitriles are used in the synthesis of isoflavonoids, 8 and reduction of the nitrile group gives rise to phenylethylamines. 9 These are found in pharmaceuticals such as the antiarrithimic verapamil and the anticancer drug anastrazole. 10 The structures of these compounds are shown in Figure 1 . 
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The alkylation of malonates is a useful approach to prepare intermediates in organic synthesis.
11 However, this approach is limited to primary and secondary alkyl halides and halobenzenes substituted with electron-withdrawing groups.
12 Our interest lies in the synthesis of oxygenated α-aryl carbonyl structures, which are used as precursors of isoflavonoid natural products, and these compounds cannot be prepared through the S N Ar approach. 12 In this paper, we report the synthesis of α-arylmalonates (1; R 1 = R 2 = alkyl) and α-arylcyanoacetates 5 by α-arylation of malonates and cyanoacetates with aryl halides and their transformations into the desired compounds 2-6, as shown in Figure 2 . The α-arylation reaction of carbonyl compounds has been studied since the early eighties, and more extensively and independently studied by Buchwald, Hartwig and Miura. 13 Since then, various metal catalysts, ligands, and conditions have been developed for this reaction.
14 Our approach was based on the α-arylation of malonates and cyanoacetates catalyzed by palladium. Although these reactions have been well studied, little attention has been given to the use of the more sterically hindered o-alkoxy-bromoarenes as the arylating agents, leading to compounds of type 1 and 5. In addition, very few oxygenation patterns at the aromatic ring have been examined using these α-arylations.
The α-arylation step was optimized using the reaction of o-bromoanisole and dimethyl malonate or ethyl cyanoacetate (Scheme 1). After 20 h at 70 °C in toluene in the presence of Pd 2 (dba) 3 , the corresponding arylmalonate 1a was obtained in 60% yield. 15 Aryl-cyano acetate 5a was prepared, under the same conditions (15 h), in 66% yield (Scheme 1). 16 Both compounds were purified by flash column chromatography. Other O-protected bromoarenes were used under the same conditions and the α-arylmalonates 1b-e and α-arylcyanoacetates 5b,c were obtained in yields ranging from 41 to 83% (Scheme 1). By using this methodology, we were able to prepare derivatives that were O-benzylated in the ortho-position (41-83%), which is a protecting group that can be removed under less drastic conditions than those used to remove methyl groups. 17 This is the first time that compounds 1c, 1d and 5c have been synthesized. The monohydrolysis of arylmalonates has been described under basic or acidic conditions. 18 In our hands, in the presence of KOH in THF-H 2 O at 0 °C the arylmonomethyl malonate 2a was obtained in low yield as a mixture with the unreacted arylmalonate and the decarboxylation product. The same outcome was observed when KOH/MeOH at 35 °C was used. However, the desired product 2a was obtained in good yield when KOH was used in a mixture of MeOH/H 2 O (10:1, v/v), at 36 °C after 2 h (Scheme 2). Under the same conditions, arylmalonates 1b-e were hydrolyzed to the corresponding aryl monomethyl malonates 2b-e in yields ranging from 70 to 89%. The one-pot hydrolysis followed by decarboxylation was successfully used to obtain, selectively, either arylacetate esters or the arylacetic acids, by changing the reaction 
conditions. When the temperature was increased to 80 °C, methyl esters of arylacetates 3a-e were obtained in moderate to high yields (Scheme 3). By increasing the amount of base from 2 to 3 equivalents and raising the temperature to 90 °C, under microwave irradiation, arylacetic acids 4a-e were produced in high yields (80-100%) (Scheme 3). The hydrolysis/decarboxylation of aryl-cyanoacetates 5 was performed under the same conditions and benzylnitriles 6a-b were obtained in high yields (Scheme 4). In conclusion, selected products from palladiumcatalyzed α-arylation reactions of dimethyl malonates and ethyl cyanoacetates with bromoarenes were obtained in moderate to good yields. Some of these compounds, with the benzyl protecting group on the phenol functionality (1c, 1d, 5c), 19, 20 were obtained for the first time in this work.
The arylmalonates could be transformed directly into the phenylacetic acids or the corresponding methyl esters (3a-e, 4a-e). Arylacetonitriles 6a-b could also be prepared from arylcyanoacetates 5a-c through one-pot hydrolysis followed by decarboxylation. 
Arylation of Dimethyl Malonate with Aryl Bromides; General Procedure
Dimethyl malonate (1 mmol), aryl bromide (1.1 mmol), [HP(tBu) 3 ]BF 4 (0.10 mmol), Pd 2 (dba) 3 (0.025 mmol), and K 3 PO 4 (3.0 mmol) were placed in a 25 mL round-bottomed flask with a magnetic stirrer. The flask was closed with a septum, the contents were placed under an argon atmosphere and anhydrous toluene (5.0 mL) was added. The heterogeneous mixture was stirred at 70 °C and the reaction was monitored by TLC. Upon complete consumption of the aryl bromide, the crude reaction mixture was filtered through a plug of Celite ® , extracted with EtOAc (3 × 10 mL), washed with brine, dried with anhydrous Na 2 SO 4 , filtered, and concentrated in vacuo. The residue was purified by chromatography on silica gel (1:9, EtOAc/hexanes).
Dimethyl 2-(2-Methoxyphenyl)malonate (1a)
21 Yield: 0.143 g (60%); yellow oil; R f 0.16 (1:9, EtOAc/hexanes). 
Dimethyl 2-(2-(Benzyloxy)-4-methoxyphenyl)malonate (1c)
Yield: 0.285 g (83%); yellow solid; mp 61-63 °C; R f 0.21 (1:9 EtOAc/hexanes). 3 (0.025 mmol, and Na 3 PO 4 (3.0 mmol) were placed in a 25 mL round-bottom flask. The flask was closed with a septum, the contents were placed under an argon atmosphere and anhydrous toluene (5.0 mL) was added. The heterogeneous reaction mixture was stirred at 70 °C and monitored by TLC. Upon complete consumption of the aryl bromide, the crude reaction mixture was filtered through a plug of Celite ® , extracted with EtOAc (3 × 10 mL), washed with brine, dried with anhydrous Na 2 SO 4 , filtered, and concentrated in vacuo. The residue was purified by chromatography on silica gel (1:9 EtOAc/hexanes).
Ethyl 2-Cyano-2-(2-methoxyphenyl)acetate (5a)
Yield: 0.144 g (66%); yellow oil; R f 0.12 (1:9 EtOAc/hexanes). 
Ethyl 2-(2-(Benzyloxy)-4-methoxyphenyl)-2-cyanoacetate (5c)
Yield: 0.139 g (41%); yellow oil; R f 0.14 (1:9 EtOAc/hexanes). 
Selective Monohydrolysis of Dimethyl Arylmalonates; General Procedure
Dimethyl arylmalonate (1.0 mmol) and KOH (2.0 mmol), followed by MeOH (1.0 mL) and H 2 O (0.1 mL) were placed in a 25 mL roundbottom flask with a magnetic stirrer. The mixture was stirred at 36 °C for 2 h, then the reaction was quenched by the addition of water (5 mL). Unreacted ester was removed by EtOAc extraction (2 × 5 mL) and the carboxylic acid was obtained by acidification of the aqueous phase to pH 2 with 10% HCl, extracted with EtOAc (3 × 5 mL), washed with brine, dried over anhydrous Na 2 SO 4 , filtered, and concentrated on a rotary evaporator.
3-Methoxy-2-(2-methoxyphenyl)-3-oxopropanoic Acid (2a)
Yield: 0.134 g (60%); brown oil. 
2-(2,4-Dimethoxyphenyl)-3-methoxy-3-oxopropanoic Acid (2b)

2-(2-(Benzyloxy)-4-methoxyphenyl)-3-methoxy-3-oxopropanoic Acid (2c)
Yield: 0.274 g (83%); pale-brown solid; mp 165-167 °C. 
2-(2,4-Bis(benzyloxy)phenyl)-3-methoxy-3-oxopropanoic Acid (2d)
Yield: 0.284 g (70%); pale-brown solid; mp 90-92 °C. 
Synthesis of α-Arylacetates; General Procedure
Dimethyl arylmalonate (1.0 mmol) and KOH (2.0 mmol), followed by MeOH (1.0 mL) and H 2 O (0.1 mL) were placed in a 25 mL round-bottom flask with a magnetic stirrer. The mixture was stirred at 80 °C for 2.5 h, then the reaction was quenched by the addition of water (5 mL). The α-arylacetate was removed by EtOAc extraction (3 × 5 mL) and the carboxylic acid was obtained by acidification of the aqueous phase to pH 2 with 10% HCl, extracted with EtOAc (3 × 5 mL), washed with brine, dried over anhydrous Na 2 SO 4 , filtered, and concentrated on a rotary evaporator.
Methyl 2-(2-Methoxyphenyl)acetate (3a)
25 Yield: 0.135 g (75%); yellow oil. 
Synthesis of α-Arylacetic Acids; General Procedure
A 10-mL MW vessel was charged with dimethyl arylmalonate (0.20 mmol) and KOH (0.60 mmol), followed by MeOH (2.0 mL) and H 2 O (0.2 mL). The vessel was sealed with a pressure lock, and the mixture was heated under microwave irradiation (150 W) at 90 °C for 20 min in a CEM Discover MW reactor. After cooling to r.t., the reaction mixture was extracted with EtOAc (3 × 10 mL), and the α-arylacetic acid was obtained by acidification of the aqueous phase to pH 2 with 10% HCl, extracted with EtOAc (3 × 5 mL), washed with brine, dried over anhydrous Na 2 SO 4 , filtered, and concentrated on a rotary evaporator. 
2-(2-Methoxyphenyl)acetic Acid (4a)
Synthesis of α-Arylacetonitriles; General Procedure
A 10-mL MW vessel was charged with ethyl arylcyanoacetate (0.20 mmol) and KOH (0.60 mmol), followed by MeOH (2.0 mL) and H 2 O (0.2 mL). The vessel was sealed with a pressure lock, and the mixture J. F. Cívicos et al.
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was heated under microwave irradiation (150 W) at 90 °C for 20 min in a CEM Discover MW reactor. After cooling to r.t., the reaction mixture was extracted with EtOAc (3 × 10 mL), and the α-arylacetonitrile was obtained by acidification of the aqueous phase to pH 2 with 10% HCl, extracted with EtOAc (3 × 5 mL), washed with brine, dried over anhydrous Na 2 SO 4 , filtered, and concentrated on a rotary evaporator. 
2-(2-Methoxyphenyl
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